Abstract Schizophrenia is a complex mental disorder associated with not only cognitive dysfunctions, such as memory and attention deficits, but also changes in basic sensory processing. Although most studies on schizophrenia have focused on disturbances in higher-order brain functions associated with the prefrontal cortex or frontal cortex, recent investigations have also reported abnormalities in low-level sensory processes, such as the visual system. At very early stages of the disease, schizophrenia patients frequently describe in detail symptoms of a disturbance in various aspects of visual perception that may lead to worse clinical symptoms and decrease in quality of life. Therefore, the aim of this review is to describe the various studies that have explored the visual issues in schizophrenia.
Introduction
Schizophrenia is a chronic and relapsing disorder characterized by a mixture of cognitive, positive, negative, and mood symptoms [1] . Because of the debilitating and lifelong clinical course, the disease is a major cause of disability in the world [1] . Genetic and environmental factors are involved in the pathophysiology of schizophrenia, which is considered a multifactorial neurodevelopmental disorder [2] [3] [4] . Recent data from several independent studies have shown replicable associations of single nucleotide polymorphisms in genes of the major histocompatibility complex [2] [3] [4] . These studies have also indicated that early brain development is affected in the disease [2] [3] [4] .
There is clear evidence of early visual processing deficits in schizophrenia patients [5, 6] . Such deficits may include reduced sensitivity to contrast [7, 8] , deficits in motion processing [9] and spatial-temporal integration, as well as reduced visual event-related potential amplitudes [10] and neurophysiologic response to visual stimuli [6] . However, although visual impairment can affect activities of daily living and might subtend their clinical symptoms [11••] , there is not a clear understanding of how the visual perception deficits are associated with clinical symptoms in the disease and impact on quality of life.
In this review, we critically evaluate the existing literature on this topic. We also discuss issues related to how ophthalmological symptoms may affect these patients and how their monitoring can help the management of this disorder.
Dopamine and Glutamine Role
Although some authors have proposed that schizophrenia is a neurodevelopmental disorder associated with alterations in brain circuits, the understanding of these changes in normal and abnormal cortical development remains unclear [4] . Alterations in the dopamine and glutamate systems have been implicated in the pathophysiology of the disease, and recent work has focused on the combined interactions of these two systems [12] .
According to the dopamine hypothesis, the dopamine systems in the mesolimbic pathway may contribute to the Bpositive symptoms^of schizophrenia, whereas those in the mesocortical pathway may be responsible for the Bnegative symptoms^ [13] . The main sources of evidence supporting these claims are that amphetamine, cocaine, and similar drugs that increase levels of dopamine in the brain may cause symptoms that resemble those present in psychosis. In addition, a group of drugs called phenothiazines, which includes antipsychotics such as chlorpromazine, has been found to antagonize dopamine binding (particularly at the D2 dopamine receptors) and reduce positive psychotic symptoms [13] .
The role played by dopamine in the visual system may assist in understanding the effects of schizophrenia on the visual system [13, 14] . Dopamine is a major neurotransmitter and modulator in the retina [14] and plays a major function in the signaling of retinal amacrine and interplexiform cells. As light enters the eye, it is first detected by photoreceptors (cones and rods). The photoreceptors synapse directly onto bipolar cells, which in turn synapse onto ganglion cells of the outermost layer, which will then conduct action potentials to the brain. In addition, other neurons in the retina, particularly horizontal and amacrine cells, transmit information laterally (from a neuron in one layer to an adjacent neuron in the same layer), resulting in more complex receptive fields that can be either indifferent to color and sensitive to motion or sensitive to color and indifferent to motion. Thus, the amacrine cells have a fundamental role in integrating the signals between bipolar and retinal ganglion cells [15] . The main effect of dopamine on amacrine cells is the uncoupling of electronic junctions that link some of them. As one of the basic classes of retinal neurons [16] , they play an essential role in dark adaption of the retina. They appear to be a feedback pathway [17] , carrying information from the inner plexiform layer, back to the outer plexiform layer. In an animal study, Bodis-Wollner et al. [18] revealed that a retina with dopaminergic deficiency loses a subset of retinal amacrine cells [18] . Additionally, as dopamine is involved in the physiological (e.g., darkness adaptation) activities of retinal ganglion cells, the dopamine dysfunction that occurs in schizophrenia may alter visual processing by modifying the receptive field properties of ganglion cells [14] .
Neural excitotoxicity due to excess of glutamate has also been suggested to be related to the process of neurodegeneration in schizophrenia [19] . The glutamatergic system is the major excitatory system of the human central nervous system and is involved in basic functions such as cognitive learning and memory [20] . Glutamate imbalances appear to cause abnormal functioning in the dopamine system, and if the levels of glutamate are low, dopamine is overactive, resulting in the expression of schizophrenic symptoms [12] . Histologic analyses have found multiple glutamate receptors in the retina [21] [22] [23] [24] [25] . In addition, glutamate has also been described to exert a toxic effect by causing destruction of retinal ganglion cells [23] .
Structural Damage in Retinal Layers in Schizophrenia
Although it is not clear if excessive glutamate can cause any structural damage to the optic nerve and retinal layers, leading to visual processing deficits in schizophrenia patients [26••] , the loss of retinal nerve fiber layer (RNFL) thickness had been well established in several neurologic diseases which also involve dopamine dysregulation, such as Alzheimer's and Parkinson's disease. Therefore, pathologic activation of glutamate receptors might be related to neuronal damage [25, [27] [28] [29] .
Based on the hypothesis that dopamine deregulation could cause structural defects in retinal layers in schizophrenia patients, Lee et al. [26• •] evaluated a group of 30 schizophrenia patients and 30 age-matched controls with spectral-domain optical coherence tomography (SD-OCT). SD-OCT is a non-invasive and fast imaging technique able to assess the thickness of the RNFL and of the macular region. They found that these measurements were reduced in schizophrenia patients, suggesting that SD-OCT could be a useful tool for schizophrenia diagnosis and monitoring [26••] . These results agree with the study by Cabezon et al. [30] who showed significant average and superior peripapillary RNFL thinning in 30 schizophrenia patients. Ascaso et al. [31] found a significant difference between RNFL thickness in schizophrenia patients compared to healthy subjects in the nasal quadrant. Chu et al. [32] showed that there was no difference in the global RNFL thickness and macular volume in 38 schizophrenia patients compared to healthy controls; however, RNFL in the right nasal quadrant of the schizoaffective group was thinner than in the schizophrenia group (p=0.02). These contradictory results are most likely due to small sample sizes and the use of different technologies to measure the RNFL thickness.
Neuronal Visual Pathways
The subcortical projections of the retina to the cerebral cortex are formed mainly by three pathways: magnocellular, parvocellular, and koniocellular. The characteristics of the two main pathways, magnocellular and parvocellular pathways are described in Table 1 . The two systems have the origin in different types of retinal ganglion cells, occupy different layers in the lateral geniculate nucleus, and end in different input layers in the primary visual cortex [33••] where intermixing of the inputs occurs [33••] . From primary visual cortex, two cortical pathways have been described: the dorsal and ventral streams. Nowadays, different studies have demonstrated that Area V4 of the ventral stream receives significant substantial magnocellular input [34] , and the middle temporal area of the dorsal stream receives significant parvocellular [35] and koniocellular input [36] .
These pathways, which dominate primate vision [37] , have distinct and complementary spatial, temporal, luminance, and chromatic stimulus preferences [38] , as well as different dynamic responses [39, 40] . The magnocellular pathway is formed by large neurons that conduct the visual stimulus to the dorsal visual fasciculus [41] and is responsible for transferring low spatial frequency and high temporal frequency information, which is associated with vision under low light conditions and noticing moving objects. The magnocellular pathway is also related to movement, stereopsis, spatial localization, depth perception, hyperacuity, figural grouping, illusory border perception, and figure/ground separation [42••] . The parvocellular pathway is formed by smaller neurons that project to the ventral visual fasciculus [41] and is responsible for transferring high spatial frequency and low temporal frequency information, which is correlated with detailed vision and seeing static objects. The koniocellular pathway is responsible to carry blue-yellow color signals [43] . Indeed, the diffuse connections of koniocellular pathway to superficial layers of the cerebral cortices have been invoked to propose that koniocellular activity gates cortical circuits fed by the magnocellular and parvocellular pathways.
Magnocellular Pathway and Schizophrenia
Several studies have reported that visual impairment in schizophrenia patients could result from dysfunction in the magnocellular pathway and various techniques have been used to demonstrate this hypothesis [44, 45] .
Deficits in magnocellular function in schizophrenia have been reported using steady-state visual-evoked potentials (ssVEP) [6, 46] , which is a type of VEP (i.e., brain response) to any visual stimuli. The magnocellular system is selectively activated by low luminance contrast stimuli (<16 %), and the parvocellular is selectively activated by high contrast level (>16 %) [10, 46] . Kim el al. [46] studied 13 schizophrenia patients and 11 healthy subjects by using ssVEP and concluded that deficits in motion processing in schizophrenia are significantly associated with reduced activity of the magnocellular vision systems [46] . However, recently, Skottun et al. [33••] suggested two main problems for these results using ssVEP. (1) In certain circumstances, the parvocellular system may respond to lower contrast stimuli than the magnocellular system. Because of this, relying on low-contrast stimuli to obtain a selective magnocellular response in psychophysical tests is likely to be unreliable and (2) there are other neurons that have similar functions to those of these 2 types of cells [33••] .
Martinez et al. [44] used functional magnetic resonance imaging to investigate the potential role of magnocellular stream dysfunction in schizophrenia patients. They included 13 male schizophrenia patients and 11 healthy male volunteers who performed the imaging test. They found that schizophrenia patients presented reduced activity to low spatial frequencies in multiple areas of the parietal and temporal lobes [44] . Alternatively, studies using electroencephalography have shown reduced signal amplitudes in the posterior cortical regions along the magnocellular pathway in schizophrenia patients, with relatively normal activation along the pathway [6, 47] .
Additionally, measurements of contrast sensitivity in psychosomatic tests were also another possibility that has been used to investigate the magnocellular pathway. Studies in monkeys performed by Merigan et al. [48] [49] [50] [51] found that a reduction in contrast sensitivity following injury in magnocellular layers is limited to cases in which stimuli are characterized by low spatial frequency or high temporal [48] [49] [50] [51] . Psychosomatic research in humans has shown similar results [52, 53] . However, although contrast sensitivity is the best established non-invasive test of magnocellular integrity, a review performed by Skottun et al. [45] found little evidence for magnocellular deficits. They concluded that there is a general trend for schizophrenia to show uniform reductions in contrast sensitivity; however, this could be related to problems with attention or the effects of medications [45] . Several studies have reported significant differences between patients with schizophrenia and control groups regarding the magnocellular pathway assessed by frequency doubling technology (FDT) [8, [54] [55] [56] [57] . FDT has been proposed as a selective perimetric test that attempts to target the magnocellular cells. Vaz-de-Lima et al. [58• ] using FDT found that schizophrenia patients had lower global mean sensitivity than healthy group (p<0.009) [58•] . The same study analyzed the difference between the right and left hemispheres; however, they did not find differences between the right and left hemispheres [58•] . Although, there is evidence in the literature suggesting that schizophrenia patients had hypoactivation in the magnocellular pathway, particularly in the right hemisphere which is correlated with global information processing [59] .
However, although the results of these previous studies are consistent with the magnocellular system malfunction in schizophrenia, other studies are in disagreement with this theory [45, [60] [61] [62] [63] . There are substantial controversies over previous research methods, which highlight the need for a device capable of properly evaluating the magnocellular pathway and its functions. One reason for this lack of agreement is that all these tasks consider a specific deficit in schizophrenia (e.g., backward masking, motion processing, contrast sensitivity) or measure low spatial frequencies or high temporal frequencies, which are features of the magnocellular pathway.
Parvocellular Pathway and Schizophrenia
Various studies assert that visual deficits in schizophrenia patients are related to the parvocellular pathway or are related to the interaction between the magnocellular and parvocellular pathways [61, 64] . Table 2 shows some of comparative studies of magnocellular and parvocellular pathway in schizophrenia. Because most of the experiments are based on visual stimuli containing spatial and temporal information processed by both magnocellular and parvocellular pathways [8, 69] , it is difficult to discriminate which pathway or channel is involved in the early visual processing disorder.
Additionally, the predominant positive and negative symptoms that affect the patients may interfere with these results. There is evidence of differences in visual processing between the subgroups of patients with schizophrenia with predominantly positive and negative symptoms [64, 65] . Visual backward masking (VBM) has been used to test this assumption. The test refers to a phenomenon wherein presenting one visual image immediately after another target (≤50 ms) leads to a failure to consciously perceive the first one [70] . In studies with VBM and contrast sensitivity, visual processing in the subgroup with predominantly positive symptoms was less involved as compared to the group with negative symptoms [64, 65] . It is important to emphasize that the effect of antipsychotic drugs can also influence visual processing. In fact, patients without antipsychotic treatment had worse performance of VBM compared to the group who used antipsychotics. [71] Schechter et al., in another study [67] , examined medicated patients using the VBM task. They showed that schizophrenia patients needed significantly longer inter-stimulus intervals than age-matched controls to escape from masking in the parvocellular target/magnocellular mask condition. Additionally, the critical stimulus durations for unmasked stimuli were significantly increased for both magnocellular and parvocellular targets in patients with schizophrenia. These results reported a significant impairment in the magnocellular but not parvocellular pathway in schizophrenia patients.
Visual Deficits in Schizophrenia
Subjective Sensory Distortions A study performed by Phillipson et al. [72] with schizophrenia patients admitted to a general hospital showed that the incidence of visual distortion was 62 %. Distortions of brightness contrast were the most common, followed by motion distortion. Approximately 65 % patients reported that these distortions were eliminated or significantly reduced with the treatment. Additionally, 54 % of the patients reported that the drugs reduced the color, motion, and brightness distortion, whereas the other distortions were not affected [72] . Patients who reported visual distortions also tended to have visual hallucinations; however, 73 % responded positively with the medications (i.e., chlorpromazine, haloperidol, and other antipsychotic dopamine blockers) [72] .
Contrast Sensitivity
Harris et al. [73] found a decrease in contrast sensitivity in medium and high spatial frequencies (2 and 8 cycles/degree) and an increase in lower spatial frequencies (0.5 cycles/degree) during neuroleptic administration in schizophrenia patients. Contrast thresholds were measured immediately before and 2-3 days after a regular, therapeutic injection of depot neuroleptic. Subjects were stabilized on depot injections of the neuroleptic with a mean inter-injection interval of 3 weeks. The drugs enhanced sensitivity at the low spatial frequency and reduced it at the medium and high spatial frequency. Additionally, after injection, subjects required more contrast to match the contrast of the high spatial frequency and less contrast to match that of the low spatial frequency, compared to the contrast of the medium spatial frequency. Pupillary measurements suggested that these effects were not due to drug-induced changes in pupil size. The changes in threshold produced by the presumed dopaminergic blockage were similar to those reported by Bodis-Wollner [74] in his comparison of patients with Parkinson and normal control subjects, with loss in sensitivity for medium and high spatial frequencies and an enhancement at low spatial frequencies. These results are consistent with the hypothesis that dopamine can participate in the organization of receptive field properties in the retina, influencing human vision. Another possible explanation is that dopamine blockage may increase the size of the excitatory centers of receptive fields, enlarging the contrast gain. Both effects have been suggested as physiological bases for dark adaptation, which are consistent with the luminance adaptation hypothesis of dopaminergic retinal function [75] .
Tilt After Effects
The tilt after effects (TAE) is the observation of a temporary change in the perceived orientation of lines after having adapted to lines tilted in another direction. Specifically, if you stare at white and black bars tilted to the left for a while, then look at vertical bars, these will now appear to tilt slightly to the right. This phenomenon most likely occurs because the orientation-specific cells in the visual system become fatigued and are therefore temporarily less responsive. Calvert et al. [76] investigated the TAEs in chronic schizophrenia patients using neuroleptic drugs compared with Parkinson patients. They showed that if presenting peripheral fine gratings (10 cycles/degree), schizophrenia patients produced results similar to those with Parkinson, after their depot injection (i.e., if blood levels of the neuroleptic were presumably highest), simulating the effects of a decrease in stimulus contrast. In contrast, before their injection (i.e., if levels of the drug were presumably lower), TAEs of schizophrenics simulated the effects of an increase in stimulus contrast. These results suggested that dopamine receptor antagonist drugs may affect TAE via retinal mechanisms if using fine gratings because the retina contains the highest concentration of dopamine in the primary visual system and is the major site of contrast regulation [75] .
Color Discrimination
Various studies have reported that schizophrenia patients make more color discrimination errors than control subjects, but no pattern emerged regarding a color-specific axis of deficit [77] . This finding is in contrast with other neuropsychiatric conditions that involve dopaminergic depletion, such as Parkinson disease, which is associated with color discrimination deficits along the blue color (tritan-wave-length-sensitive) axis [78] . Doses of antipsychotic medication were not correlated with better or worse performance on color discrimination. In recently diagnosed patients, who were not taking medication, the results for color discrimination did not differ from the normal subjects [79] .
Abnormalities in Eye Movements in Schizophrenia

Smooth Pursuit Eye Movements
Smooth pursuit eye movements and saccades are two different types of oculomotor control. Smooth pursuit eye movements (SPEM) is elicited to track moving targets, and saccades are primarily directed toward stationary targets whereas [80] . Recently, behavioral and neurophysiological studies have demonstrated that both types of eye movements work in synergy for visual tracking. The smooth pursuit system generates eye movements that track slowly moving targets. The function of the pursuit system is to maintain the image of the target on the fovea, and its primary input is most likely the velocity of the image on the retina [81] [82] [83] [84] . The function of this system can be impaired by different reasons, including inattention, drugs that depress the central nervous system, loss of central vision, mental fatigue, or lesions of the ocular motor pathways in the cerebral hemispheres, brainstem, and cerebellum [85] .
Abnormal SPEM in patients with schizophrenia was rediscovered by Diefendorf and Dodge [86] in 1908, suggesting that abnormal tracking may serve as a biological marker for schizophrenia. Studies in schizophrenia patients have found reduced pursuit gain, low initial acceleration, and abnormal gain-corrective saccade interactions [85, 87, 88] . For example, Yee et al. [85] studied the horizontal eye movements and compared 21 patients with schizophrenia, 13 patients with other psychiatric disorders, and 19 normal subjects. Eye velocity and closed-loop gain of pursuit, optokinetic nystagmus, vestibulo-ocular response, and visual-vestibular interactions were calculated. They concluded that the frequency and severity of eye movement abnormalities in schizophrenia patients were lower than those indicated by previous studies that used various techniques of analysis.
Different studies have suggested that SPEM is generated by two types of motion information. The motion of an attended object's image on the retina is a powerful visual sensory signal stimulating SPEM. The retinal control of SPEM is related to a posterior oculomotor pathway (including the middle temporal cortex and cerebellum) [89] . When the eyes achieve a velocity approximate to the object of interest, there is limited retinal motion. To keep accurate pursuit, the system is thought to use internal representations of the motor command and previous retinal motion information to predict target movement. Based on this hypothesis, Hong et al. [90] found that patients with schizophrenia had reduced pursuitrelated activation in several known extraretinal motion processing areas, including the frontal and supplemental eye fields, medial superior temporal cortex, and anterior cingulate [90] showing evidence of the reduced function in the extraretinal motion processing pathway in schizophrenia. These patients also presented increased activation in the medial occipitotemporal cortex suggesting an increased dependence on immediate retinal motion information, which may be used to compensate for reduced extraretinal signaling during sustained visual tracking [90] .
Saccadic Movements
Saccadic eye movements have not been so extensively studied as SPEM in schizophrenia. Research has demonstrated that cerebral control of saccadic eye movements depends on several cortical and subcortical regions, more specifically in posterior parietal cortex [91] . Especially the voluntary saccades (e.g., antisaccades and remembered saccades) involve complex cortico-subcortical processes. In an antisaccade task, the patient has to move their eyes in the mirror position of a visual target. An antisaccade is created by inhibition of a reflexive saccade and by production of a voluntary saccade. In schizophrenia, the most frequent saccadic abnormality is found in antisaccades [92] . Likewise, deficits in remembered saccades (delayed latency) are reported in schizophrenia patients [93] . In addition, different studies have shown that voluntary saccades are impaired in patients with schizophrenia, whereas reflexive saccades are relatively well preserved [94•, 95•] . For example, one study performed by Bender et al. [94•] using functional MRI to look at brain activity during saccades found that patients with schizophrenia showed increased activity in several areas, particularly the supplementary eye fields and the prefrontal cortex, when performing volitional saccades. This finding was surprising, as frontal activation is usually reduced in schizophrenia. The author suggests that one hypothesis for this finding is that increased neural activity in these areas is required to generate volitional saccades, possibly because neurons in these areas act inefficiently in schizophrenia.
In addition, saccadic adaptation is impaired in patients with schizophrenia who have subtle neurological impairment (Bneurological soft signs^) [95•] . Patients were slower than agematched controls to adapt to stepped stimuli in which saccadic dysmetria was artificially produced by moving the target during saccades. This sort of abnormality is usually seen in cerebellar dysfunction, something that was unexpected in schizophrenia.
Vergence Eye Movements
As described before, previous studies have shown that smooth pursuit eye movements and antisaccades are impaired in patients with schizophrenia [85, 87, 88] . However, under normal viewing conditions, targets move not only in the frontoparallel plane but also in depth, and tracking them requires both smooth pursuit and vergence eye movements [96] . Although previous studies in humans and non-human primates suggest that these two eye movement subsystems are relatively independent of one another [85, 87, 88] , few studies have addressed vergence movement behavior in schizophrenia patients [96] . The study performed by Bolding et al. found that patients with schizophrenia exhibited substantially lower gains compared to healthy controls during vergence tracking at all tested speeds (e.g., 0.25 Hz vergence tracking mean gain of 0.59 vs. 0.86). In addition, patients with schizophrenia exhibited significantly lower gains than healthy controls during smooth pursuit at higher target speeds (e.g., 0.5 Hz smooth pursuit mean gain of 0.64 vs. 0.73). And there was a modest (R 2 =0.5), but significant, correlation between smooth pursuit and vergence tracking performance in patients with schizophrenia. These findings suggest substantial vergence tracking deficits in patients with schizophrenia [96] . Table 3 summarizes some characteristics of visual deficits in schizophrenia.
Visual Perception and Endophenotypes
The potential significance of visual dysfunctions as endophenotypes of schizophrenia has been discussed [6, 47, 66] . Gottesman et al. [100] defined the endophenotypes of an illness as having the following characteristics: are associated with the illness, are present in unaffected biological relatives at a higher rate than in the general population, are heritable, and are detectable in remitted patients. Deficits in working memory, executive function, sustained attention, sensory gating, smooth pursuit eye movements, verbal memory, and language production all have been identified as endophenotypes of schizophrenia [100] .
Various studies have tried to investigate visual perception as a new endophenotype [101, 102] . Green et al. [103] showed impaired VBM performance in unaffected siblings of schizophrenia patients, and a few years later, the same author [104] replicated these findings in an independent sample of siblings of schizophrenia patients, but the same results were not observed in siblings of patients with different mental diseases such as bipolar disease [102] . Relatives of schizophrenia patients showed more pronounced deficits if the interval between target and mask was short and if the target location was perceived [101, 102] . Chen et al. [101] found compromised motion perception in relatives of schizophrenia patients, which was related to smooth pursuit eye movement deficits.
Keri et al. [66] investigated whether magnocellular pathway impairment was an endophenotype of schizophrenia by using vernier threshold measurements in 72 patients with schizophrenia and their 86 unaffected siblings. General intellectual function, executive function, oculomotor scanning, psychomotor speed, and verbal memory were also assessed to investigate the relationship between visual-perceptual and higher level cognitive impairments. They found that siblings of schizophrenia patients displayed significant impairments during the vernier tasks that are biased toward the magnocellular pathway, whereas their performance was adequate in the parvocellular pathway conditions. A few years later, Gracitelli et al. [68••] evaluated the magnocellular visual pathway deficit in schizophrenia patients and compared it with [73] Global decrease in CS, specially in those with negative symptoms Global decrease in CS, according to certain medications Saccades and smooth pursuit [97] Not applicable Saccade abnormalities and errors in smooth pursuit eye movements Contour detection [98] Not applicable Worse results on tasks that depend on contour integration and these deficits may be related to factors such as illness severity, chronicity, and degree of disorganized symptoms Tilt after effects (TAE) [75] Undetectable changes Present Color discrimination [78] [79] Undetectable changes Decrease ability to color discrimination however no pattern emerged regarding a hue-specific axis of deficit Perception of faces [99] Not applicable Abnormalities in tasks designed to probe facial processing and recognition their parents. A total of 13 patients, 13 parents, and 12 healthy controls were enrolled and performed the FDT test. They found that the mean deviation in FDT was higher in control subjects compared with schizophrenia patients (p=0.020) and their parents (p=0.037). These findings suggest that a visual process deficit may be an endophenotype of schizophrenia [68••] , and the evaluation of this area could be used to distinguish people who have a higher risk for schizophrenia.
Conclusion
Schizophrenia is associated with consistent deficits in visual processing in the early stage of the disease. The deficits can be noticed in various tasks, including contrast detection, motion perception, and eye movement control. The neurophysiology of these processes involves deregulation of glutamatergic activity to dopamine receptors and interactions between magnocellular and parvocellular pathways. It is true that ophthalmological assessment may contribute to the diagnosis of early-stage visual processing deficits in patients with schizophrenia and their relatives. However, future investigations should help clarify how the visual perception deficits are associated with clinical symptoms of schizophrenia and how it can impact on quality of life.
